Are there equilibrium intermediate states in the urea-induced unfolding of hen egg-white lysozyme?
Protein folding intermediates that are sometimes populated at equilibrium under mild denaturing conditions have attracted much attention as plausible models for the kinetic intermediates transiently populated in the refolding kinetic pathways. Hen egg-white lysozyme is often considered as a typical example of close adherence to the equilibrium, two-state unfolding mechanism. However, recent small-angle X-ray scattering studies suggest that an equilibrium intermediate state is significantly populated in the urea-induced unfolding of this protein at moderately acidic pH. In this work, we analyze the urea-induced unfolding of hen egg-white lysozyme on the basis of steady-state fluorescence measurements, characterization of the folding-unfolding kinetics, double-jump unfolding assays for the amount of native protein, and double-jump refolding assays for the amount of unfolded protein. Our results do not provide support for the presence of an intermediate state and, in particular, disfavor that the following two types of intermediates be significantly populated at equilibrium: (1) intermediates showing a substantial quenching of the tryptophan fluorescence (such as that observed in the transient intermediates found in the refolding kinetic pathway under strongly native conditions) and (2) associating intermediates. Also, the deconvolution of the radius of gyration unfolding profile by using the values for the amount of native state derived from our double-jump unfolding assays is consistent with a two-state unfolding equilibrium and suggests, furthermore, that, in this case, large alterations in the average structure of the unfolded ensemble do not take place in response to changes in urea concentration. This work points up possible pitfalls in the experimental detection of equilibrium folding intermediates and suggests procedures to circumvent them.